e different mechanical stimulus affects the bone mass and bone strength. e aim of this study was to investigate the effect of landing posture of the hoopster and paratrooper on the bone mass. In this study, 39 male participants were recruited including 13 paratroopers, 13 hoopsters, and 13 common students (control groups). Bone area (BA), BMD and BMC of calcaneus, and 1-5th of the metatarsus, hip, and lumbar spine (L 1 -L 4 ) were measured by the dual-energy X-ray absorptiometry. Also, the vertical ground reaction forces (GRFs) of hoopsters and paratroopers were measured by the landing of 1.2 m 3D force platform. BA of hoopsters at the calcaneus, lumbar spine, and hip were significantly higher than the control group. e lumbar spine, hip, calcaneus, the 1st and 2nd metatarsals, BMC of paratroopers, and control groups were significantly lower than hoopsters. BMD of the lumbar spine, hip, and right and left femoral necks in hoopsters were significantly higher than the other participants. BMC and BMD of lower limber showed no significant difference between paratroopers and the control group. Besides, peak GRFs of paratroopers (11.06 times of BW) were significantly higher than hoopsters (6.49 times of BW). e higher GRF in the landing train is not always in accordance with higher BMD and BMC. Variable loads in hoopsters can improve bone remodeling and play an important role in bone expansions for trabecular bones. is will be considered by the method of training to prevent bone loss.
Introduction
Low bone mass, as one of the important factors for osteoporotic fractures, is usually measured with bone mineral content (BMC) and bone mineral density (BMD) [1] . Calcium deficiency, inadequate vitamin D intake, excessive drinking, low reproductive hormone levels, and lack of physical activity are main potential factors of bone loss [2, 3] . It was reported that physical exercise was usually a benefit to increase the bone mass and promote skeletal development [4] . Different loads contribute to bone formation and maintenance of bone metabolism, which also would improve the bone strength or microarchitecture [1, 5, 6 ]. e mechanical loads of the adult rats showed the difference of intermittent and normal exercises [7] . e cyclic load on bones is generated in different exercises [8] . It was reported that BMD could be increased by duration exercise of more than two hours per week [9] . It was also found that the 2% BMD of the femoral neck was improved by the impact of exercise done for 6 months [10] . Continuous mechanical stimulus helps to maintain bone mass that is important to improve BMD and BMC [11] [12] [13] . Osteogenic responses are always produced at the specific loading sites [14, 15] . Basketball, volleyball, and gymnastics from the three times body weight (BW) or greater of reaction force are defined as high-impact exercises [16] . It was beneficial to bone remodeling in high-impact exercises [17] . It was also shown that those high-impact exercises increased BMD and BMC of prepubertal girls [18] . BMD of the total body, lumbar spine (LS), femoral neck (FN), legs, and arms would be increased due to high-impact exercises such as basketball and volleyball exercise [14] . BMC and BMD of the lower limbs were not increased in no-impact or low-impact exercises (cycling and swimming) [19, 20] , and there may be not enough stimuli against bones [17] .
Basketball exercise included the various postures such as running, starts, stops, and shuffling.
e multidirectional loads were produced during exercise. Basketball sport involves mainly jumping and landing [21] . ey lean forward with the forefoot landing on the ground first, followed by the whole foot [22] .
e twisting movement of the feet was found in balance training in basketball sport [23] . e triceps surae muscle in the musculoskeletal system mainly maintains the stability of ankle joints [24] . e ground reaction forces (GRFs) during the vertical jump-landing were generated in basketball exercise [25] . Meanwhile, parachuting was also a typical high-impact action [26] . Paratroopers perform half-squat parachute landing and keep their feet parallel to ground in the landing process [27] . Dynamic postures of hoopsters and paratroopers were quite different during the landing process. e mechanical loads acting on bones were also different. e effect of different dynamic landing postures on osteogenic responses still needs the quantified research method. In this study, BMD and BMC of hoopsters and paratroopers were investigated by the instruments and experiments, respectively. It would provide suggestion of training methods to prevent bone loss and osteoporotic fracture.
Methods
irty-nine males aged 20-25 years participated in this study (13 paratroopers, 13 hoopsters, and 13 normal men with less involvement in sports as the control group).
ey were divided into two subgroups: subgroup I with men 20-22 years old including 7 paratroopers, 7 hoopsters, and 7 controls, and the others were subgroup II aged 23-25 years. Volunteers were from the air force base, basketball sports team, and students in university, respectively. Paratroopers and hoopsters participated in training for more than 10 hours weekly compared to less than 1 hour of controls. Height, weight, and body mass index (BMI) of volunteers were shown in Table 1 . Each volunteer has no disease of musculoskeletal disorders and bone metabolism.
Bone area (BA, cm ), and BMC (g) of the calcaneus, the 1st to the 5th metatarsus, hip (left hip and right hip), and lumbar spine (L 1 -L 4 ) were measured by dual-energy X-ray absorptiometry (DXA), respectively. e calcaneus and the metatarsus were placed at 90°inversion and 45°eversion by horizontal scanning of DXA, respectively. e informed consent including the measurement method and the potential risk were signed by volunteers. All measurements were performed in the same condition from March to May, 2016. e statistical data of three groups (paratroopers, hoopsters, and controls) were compared by the one-way ANOVA test and nonparametric test. e significant differences of BA, BMC, and BMD are shown in Table 1 .
Besides, hoopsters and paratroopers were required to jump from a 1.2 m platform. e height was is consistent with the velocity of about 6 m/s of paratroopers landing [28] . Landing postures of hoopsters and paratroopers were captured by vidicon (Figures 1 and 2 ). e GRF was measured by a 3D force platform (1000 Hz, SMA-6, AMTI, USA).
Results
BA of the calcaneus, metatarsus, hip, femoral neck, and lumbar spine in both groups is shown in Tables 2 and 3. It was found that BA of the calcaneus in hoopsters was significantly larger than controls (P < 0.05). e difference of the metatarsal BA among hoopsters, paratroops, and controls was less obvious. In subgroup I, BA of the lumbar spine and hip in hoopsters was significantly greater than controls (P < 0.01). Except for the BA of the left and right femoral neck and the fifth metatarsal, hoopsters were significantly greater than paratroopers (P < 0.01) BMC values of the different bones in hoopsters, paratroopers and controls are listed in Tables 4 and 5 . BMC of hoopsters' calcaneus and the 1st and 2nd metatarsals was significantly higher than that of paratroopers (P < 0.05) and controls (P < 0.01). BMC of hoopsters was also significantly higher than controls and paratroopers (P < 0.05) at the lumbar spine (L 1 , L 2 , L 3 , L 4 , and total lumbar spine) except for L 3 in subgroup II. BMC of hoopsters' total hip was the highest compared with controls and paratroopers (P < 0.05). However, there was no significant difference among all participants in BMC of the femoral neck.
BMD of the calcaneus in hoopsters was significantly higher than controls (P < 0.05) in both groups as shown in Tables 6 and 7 . BMD of the first, second, and third metatarsals in hoopsters was significantly greater than controls (P < 0.05) in subgroup I. BMD of the third, fourth, and fifth metatarsals in paratroopers was significantly higher than controls (P < 0.05) in subgroup II. Higher BMD of the lumbar spine, hip, and femoral neck in hoopsters was obtained statistically compared to other bones (P < 0.01). However, paratroopers and controls had no significant difference in BMD at those anatomical locations. Journal of Healthcare Engineering 3 Besides, peak vertical GRFs of paratroopers were 11.06 times of BW (SD ± 0.96) compared to 6.49 times of BW in hoopsters (SD ± 1.19). Compared with the forefoot of hoopsters, which first lands on the ground following the whole foot (Figure 1) , the landing posture of paratroopers kept the feet parallel to ground (Figure 2) . At the same time, the vertical GRF of both groups are shown in Figure 3 . Only one peak value in paratroopers was obtained compared to two peaks of hoopsters.
Discussion
It was reported that different types of impact exercises including basketball, volleyball, swimming, gymnastics, handball, running, and cycling sports had different effects on BMC and BMD [11, 16, 17] . Basketball sport as a highimpact exercise had positive effect on BMC and BMD [29] . High ground reaction forces were also generated in halfsquat parachute landing [26] . Paratroopers kept their feet parallel to ground in the landing process [27] . However, the landing posture of hoopsters was first landing on ground with forefoot, following the whole feet to jump [25] . Dynamic postures of hoopsters and paratroopers were quite different in the landing process. However, the effect of different dynamic landing postures on osteogenic responses still needs the quantified research method. So, the hoopsters and paratroopers as the typical impact subjects were recruited for landing postures to investigate BMD and BMC.
In this study, BMC of the first and second metatarsals in hoopsters was significantly higher than controls. is was consistent with studies that basketball exercising could enhance BMC of the bones [30] . Paratroopers in China perform half-squat parachute landing and keep their feet parallel to ground [27] . Compared with only a peak value of the paratrooper during landing, it was found that the first peak value of GRF was obtained during forefoot of the hoopster first landing on the ground, following the second peak value of the whole feet against ground (Figure 3 ). It indicated that in daily exercising, jumping of hoopsters with two vertical GRF peaks more effectively generated mechanical loadings at the metatarsals than paratroopers, and this mechanical stimulus would promote local osteogenic responses at loading sites [14, 15] . us, land of hoopsters compared to paratroopers will improve BMC of the forefoot after frequent mechanical stimulus. However, it was further proof whether the higher BMC could help paratroopers to reduce injury.
BMC and BMD of the calcaneus and total hip in hoopsters were improved in contrast to controls in our study. It was consistent with previous study that BMC and BMD of the leg, hip, and pelvis were higher than controls [17] . Weight-bearing and high-impact exercises could stimulate bone mineral acquisition in children and adolescents [18, 31] . However, BMC and BMD of the calcaneus and total hip in paratroopers were not sensitive to daily training. It was found that training time of paratroopers in the questionnaire was about 40 to 50 hours weekly, which nearly included 70% of time for landing training. e peak GRF of paratroopers was nearly twice of hoopsters. In our study, it was clear that the high-impact exercising helped with bone formation and enhanced BMD [32] . e effect of the exercise posture on BMD and BMC has the different values for hoopsters' and paratroopers' bones. In Frost's mechanic stability theory, bone mass and bone strengthen were improved with the normal exercise [33] . e peak GRF of paratroopers was about 11 times of BW which would produce excessively large impact force. However, the cyclic loading from basketball exercising may be beneficial to increase BMC and BMD.
Waener et al. [34] found that BMD of all the bones in cyclists, mountain cyclists, was significantly higher. It was shown that the mountain cyclists had varying intensities and frequencies to stimulate osteogenic formation. Similarly, BMD of total lumbar spine and total hip in hoopsters were significantly higher than paratroopers. is was in accordance with the study that the variable velocities in basketball exercising could improve the bone mass and bone strength [22] . us, tension, compression, shear, and bending produced at different strain stimulus would act on lumbar spine and hip, which would induce bone formation and enhance BMD at weight-bearing regions [29, 32, 35] . It was also certified that the varying loads could be more benefit to positive osteogenic formation than constant loads [36, 37] .
us, BMD of the lumbar spine and hip in basketball exercising was higher compared with parachuting. is was in accordance with the study by Platen et al. [38] .
BA of the calcaneus, total lumbar spine, and total hip in hoopsters was also significantly higher than controls. is finding was consistent with previous conclusion that the basketball exercising enhanced BA of weight-bearing bones [29] . e BA of the left, right femoral necks and metatarsals in hoopsters was changed mildly compared to controls. It was shown that the mechanical stress of the cortical bone was less sensitive than the trabecular bone [39] . Besides, BA of paratroopers had no promotion compared with controls at measured anatomical locations. Although training of paratroopers was high-impact exercising, it could not generate bone expansions at loaded bones [40] . Different exercise modalities induce variable mechanical stress at stimulated regions [41] . e different BA between paratroopers and hoopsters was caused from the different landing postures.
is study had several limitations. Firstly, the number of paratroopers was limited by air force base. Secondly, there was no dietary information, which may affect bone composition. irdly, lean tissue mass and degree of physical fitness were not considered due to the diffcult quantitative methods.
Conclusions
e high-impact exercises have positive effect on osteogenic formation. BMC and BMD are not in accordance with magnitude of GRF. In this study, basketball exercise from the variable loads may be more effectively increasing BMC and BMD than parachuting with constant loads at loaded sites. Exercising like basketball with high acceleration and multidimensional directions needs further study on its positive effects of bone strength and prevention of osteoporotic fracture caused by bone loss.
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